documented them as being utilized by most of the A. hydrophila complex strains (EDDY, 1962; KOU, 1972; MCCARTHY, 1975; POPOFF and VERON, 1976; Schubert, 1976a, b) . Acid and gas production 
Hydrolysis of Algin
Algin (sodium alginate) hydrolysis was detected by use of basal medium supplemented with 0.2% algin at pH 7.0. Algin was suspended in 50% of the total amount of distilled water in the medium and heated with stirring to dissolve. The algin solution and the basal medium were autoclaved separately and the two portions mixed before pouring plates. After incubation the plates were flooded sequentially with 3 ml of 0.1 N HCI and 2 ml of 2% bovine serum albumin solution. Positive reactions were noted by a clear zone around the colonial growth in 6 h after flooding.
Hydrolysis of Cellulose
A sufficient amount (about 0.08 %) of carbo xymethyl cellulose was added to the basal medi um to give an optical density of 0.5 at a wave length of 660 nm. This medium was adjusted to pH 7.0 and autoclaved. The medium was cloudy white due to the suspended cellulose particles. Positive reactions were examined for period up to 2 weeks for clear zones around the areas of growth.
Hydrolysis of Chitin
A colloidal chit in was prepared from unbleached chit in powder according to the method described by HSU and LOCKWOOD (1975) . The chit in (ap prox. 30 ml) was added to the basal medium (without agar) to give an optical density of 0.35 at a wavelength of 660 nm. The agar was added and the solution was then heated, adjusted to pH 7.0 with 1 N NaOH, and autoclaved. The medi um was cloudy white due to dispersion of the chit in particles. A clear zone around the colonial growth indicated chitinase activity. Chitinase activity was evaluated after 1 week incubation because of the slow hydrolytic response to this substrate by A. hydrophila strains.
Hydrolysis of Esculin
Esculin hydrolysis was detected by use of the basal medium supplemented with 0.1 % esculin and 0.05 % ferric citrate at pH 7.0. The solid ingredients were dissolved in distilled water, heated to boiling, pH adjusted, and autoclaved. This medium was transparent and greyish. A hydrolytic reaction was evidenced by a dark brown zone surrounding the colony.
Hydrolysis of jsgalactoside
An ONPG test disc (BBL, 0.1 mg/disc) was added to 1 ml of heavily suspended bacterial solu tion and the reaction was observed after both 4 and 24 h incubation. Positive reactions were noted by the production of a yellow color (onitrobenzene ). The activity was divided into 3 groups: strong (2), weak (1), and negative (0) reactions. this reaction was evaluated as described in gas production from carbohydrates. Oxidation of Gluconic Acid The medium described by SHAW and CLARKE (1955) was used. Production of reducing sub stances was detected by adding Benedict's solu tion and boiling for 10 min. A yellow orange precipitate in the medium indicated an oxidative reaction. Only qualitative data were obtained. Table 2 summarizes results of the 40 carbohy drase reactions, as well as the gas production from formic acid, of the 164 A. hydrophila complex strains. Among these reactions, only algin, cel lulose, and pectin hydrolysis were uniformly nega tive. Relative quantitative differences were ob served among the other substrates studied. Acid Production from Carbohydrates All of the strains studied produced acid from fructose, galactose, mannitol, maltose, trehalose, dextrin, and glycogen. Other substrate reactions were as follows : glucose, 99.4%; mannose, 98.8%; glycerol, 98.2 %; sucrose, 93.2; cellobiose, 91.4 %; salicin, 84.9 %; lactose 82.9 %; and arabinose, 71.3 Z. Acid production from nine of these carbohydrates (glucose, fructose, mannose, galactose, mannitol, sucrose, maltose, trehalose, and glycogen) was completed in 1 or 2 days in cubation (activity level 5 or 4). On the other hand, acid production from the other five (arabinose, glycerol, cellobiose, salicin, and dextrin) required 2 to 4 days incubation to complete reaction (ac tivity level 4 to 2). Acid production from cel lobiose and lactose was very slow, and observa tion periods of up to three weeks were needed. A small amount of acid was produced from lac tose, with only 4 strains completely changing the color of the pH indicator. Therefore, the ac tivity in this reaction was evaluated as positive (1) or negative (0).
Results

Hydrolysis of Chitin and Starch
The percentage of strains which utilized the polysaccharides, starch and chitin, was 100 and 96.3 %, respectively. Starch hydrolysis was ob served within 24 h. Chitin hydrolysis was slow, and positive responses were observed usually after 48 or 72 h incubation. formed a normal curve. Based upon these find ings, a non-parametric Spearman rank-order cor relation analysis was chosen to determine the rela tionships among these substrates. A Chi-square independence test was used to evaluate the rela tionships among hyaluronic acid degradation, gluconic acid oxidation, and ONPG hydrolysis reactions as well as comparing them to other reactions. Due to the erratic results observed in acid and gas production from cellobiose and lactose, these reactions and cellulose hydrolysis were not statistically analyzed.
Relationship among Reactions of Acid Production from Carbohydrates
The correlations among 13 acid production re actions are shown in Table 3 . It was noted, at a probability of 95%, that with the exception of arabinose each one of these reactions was cor related with a least 6 other reactions. Some of the carbohydrate acid productions were highly correlated (correlation coefficient, r, larger than 0.5): maltose-glycogen (r=0.87), maltose-mannose (r=0.81), mannose-glycogen (r=0.81), fructose glycogen (r=0.76), fructose-mannose (r =0.73), fructose-maltose (r =0.71), mannitol-glycogen (r= 0.55), mannitol-mannose (r =0.51) and mannitol trehalose (r =0.50) reaction pairs. Relationship among Reactions of Gas Production from Carbohydrates and Formic Acid All the gas production reactions from 13 car bohydrates as well as formic acid were closely correlated with each other (Table 4 ). Of these 91 matched reaction pairs, 90 indicated positive correlations, of which 51 had correlation coef ficients larger than 0.50. This indicates a close interrelationship among them. The two carbo hydrates, arabinose and galactose, gave a lower correlation with the other carbohydrate and formate substrates. The correlation coefficients between these carbohydrates and formic acid ranged from 0.33 (galactose-formate) to 0.55 (glycerol-formate). Relationship among Reactions of Starch, Chitin, Esculin, ONPG Hydrolysis, Hyaluronic Acid, Chondroitin Sulfate Degradation and Gluconic Acid Oxidation Of these 7 reactions, three (starch hydrolysis, chitin hydrolysis and chondrointin sulfate degrada tion) correlated with each other even though the correlation cofficients were low and ranged from 0.19 to 0.21 (Table 5 ). By the Chi-square in dependence test, ONPG hydrolysis was found to be associated with both hyaluronic acid and chondroitin sulfate degradations, and gluconic acid oxidation was associated with esculin hy drolysis ( gradation, gluconic acid oxidation, and esculin hydrolysis) were correlated with some of the acid productions (Table 6 ). Starch hydrolysis and chondroitin sulfate degradation were both cor related with acid production from arabinose; gluconic acid oxidation was correlated with acid production from mannose and salicin; chitin hy drolysis was correlated with acid productions from fructose, mannose, galactose, sucrose, ma ltose, and glycogen; esculin hydrolysis was corre lated with acid productions from mannose, ara binose, sucrose, maltose, salicin, dextrin and glycogen. Among these reactions, only esculin hydrolysis and acid production from salicin had high correlation (r=0.51 Carbohydrates and Formate A high correlation was observed between gluconic acid oxidation and gas production from all the carbohydrates as well as formic acid (Table  7) . Both starch hydrolysis and esculin hydrolysis were correlated with gas production from ara binose. The latter was also correlated with gas production from trehalose. Chitin hydrolysis was correlated with gas production in 6 carbohydrates (glucose, fructose, mannitol, trehalose, dextrin, and glycogen). This reaction was also correlated with formate gas production. The chondroitin sulfate degradation was correlated with 5 car bohydrate gas productions (mannitol, arabinose, glycerol, sucrose, and trehalose).
Comparison of Carbohydrase Activity of Strains from Various sources
The Duncan multiple range test was utilized to evaluate the relationship between each carbo hydrase activity and its isolation source (human, fish, other animal, and water) as noted in Table 8 . Fifteen carbohydrase reactions were observed to be associated with the strain source. These reac tions could serve as descriptive characteristics for the isolation sources. For example, acid produc tion from arabinose and gas production from glucose could be used to differentiate strains of human and fish origin. Acid production from salicin and gas productions from glucose and salicin could be used to differentiate animal strains (human, fish, other animal) from those of environ mental (water) origin. ronidase produced from streptococci, clostridia, and pneumococci, and the chondroitinase pro duced by Proteus and flavobacteria. Hyaluroni dase acts only on hyaluronic acid but chondroi tinase acts both on hyaluronic acid and chon droitin sulfate. Since the A. hydrophila strains tested could depolymerize both hyaluronic acid and chondroitin sulfate, an enzyme system similar to those of Proteus and flavobacteria may be in volved. Hyaluronidase has been considered as a spreading factor associated with mechanisms of pathogenicity in some pathogenic bacteria (HOBBY et al., 1941) . The role of this enzyme (or chondroitinase) produced by the A. hydro phila complex organisms is unknown. The A. hydrophila complex strains studied in this experi ment did not utilize algin or pectin. These two substrates, however, have been reported to be utilized by A. hydrophila complex in previous studies. FARMER and EAGON (1969) showed that that a tentatively identified Aeromonas sp. (C11-2B ) was capable of degrading algin; Hsu and VAUGHN (1969) noted that an Aeromonas lique faciens strain (K-175) was able to hydrolyze pectin. In these two investigations, algin and pectin utilization were both reported to be dependent upon repression by the presence of glucose or other utilizable carbon sources. This implies that a basal medium for carbohydrase study, sup plemented with algin or pectin, could be a very sensitive medium to detect these two reactions. For this reason, we prepared a synthetic algin agar as described by DAVIS and EWING (1964) and a similar pectin agar using pectin as the only carbon source to attempt enzyme induction. Twenty randomly selected A. hydrophila complex strains were inoculated on these two media and trans ferred 4 times, in attempts at enzyme induction. The 20 strains were then inoculated on the algin and pectin media. However, no enzyme induc tion for either algin or pectin was observed. This suggests to us that algin and pectin utilization are not readily inducible enzyme systems of the A. hydrophila complex.
Discussion
Reactions
Gluconic acid oxidation was observed to cor relate with all the carbohydrate gas production reactions. This relationship, however, is not understood.
Some of the carbohydrase reactions were ob served to be associated with isolate origin. Simi larly, the caseinase and elastase activity described previously appear to be source related (Hsu et al., 1983) . These reactions might be used as an index for the determination of isolate origin.
